Abstract: This paper quantitatively analyzes the economic resilience of resource-based cities (RBCs) in Northeast China in terms of resistance and recoverability during two economic crises: the Asian financial crisis and the global financial crisis. Moreover, it analyzes the main factors that affected regional resilience. There are three main findings. First, the RBCs in general demonstrated poor resistance during both recessions, but there were variations among the different types of RBCs. Petroleum and metal cities demonstrated the most resistance, whereas coal cities performed the worst. Second, the influential factors affecting economic resilience varied across the two economic cycles, but location advantage, research and development (R and D) intensity, foreign trade dependence ratio, and supporting policies had positive effects on resilience during both economic cycles, while the proportion of employed persons in resource industries had a negative effect. Industrial diversity had a weak and ambiguous effect on resilience. Third, the secondary industry was more resilient during the Asian financial crisis, but the tertiary industry was more resilient during the global financial crisis. This shift may be attributed to both the nature of the crises and the strength of the sectors at the time of the crises.
Introduction
The word "resilience" comes from the Latin resilire, which means to rebound, and the concept was first developed in the engineering and natural sciences to explain the capacity of systems to persevere when subjected to external shock disturbances [1] [2] [3] . The concept of resilience today is applicable to a variety of disciplines with different meanings, functions, and relevance [4] [5] [6] . From the evolutionary perspective of economic geography, the concept of adaptive resilience has been developed to represent the ability of regional or urban economic systems to undergo reorganization to facilitate recovery after a shock and to reset their growth path [1, 7, 8] . Simmie and Martin defined regional economic resilience in terms of "adaptive ability", referring to the differential ability of a region or local firm to adapt to changes and shocks under competitive market, technological, policy conditions [9] .
The increasing frequency of recession shocks following the deregulation of financial and economic systems in the 1980s has had great impacts on regional growth [10] . Different regions respond in different ways to recessionary shocks and the subsequent recovery period, which has triggered research on the subject of regional economic resilience, including conceptual debates [4, 11, 12] and
The remainder of the paper proceeds as follows: Section 2 describes the study area; Section 3 presents the regional resilience characteristics of 19 RBCs during the last two major recessionary periods; Section 4 analyzes the determinants of regional resilience, followed by a discussion of the key conclusions in Section 5.
Study Area
Northeast China, as a region, officially includes the provinces of Liaoning, Jilin, and Heilongjiang, and the eastern part of Inner Mongolia. Liaoning, Jilin, and Heilongjiang are commonly considered the core of Northeast China. We focused on the RBCs in this region because they are the centers of economic activities. RBCs in Northeast China were mainly developed during the planned economy era with a specialized economic structure to produce energy, mineral, or timber resources. With resource depletion, the economic systems of these RBCs have come under tremendous pressure. There are 21 RBCs in the study area: six in Liaoning, six in Jilin, and nine in Heilongjiang (Figure 1 ). We excluded Daxinganling in Heilongjiang and Yanbian Korean Autonomous Prefecture in Jilin due to data limitations. The remaining 19 RBCs accounted for 36.7% of the total GDP in the Northeast, which grew at an average rate of 6.4% in 2013. This rate was below the average for Northeast China, 8.4%. In fact, the economy of several RBCs shrank: the output in Qitaihe, Hegang, Jixi, and Shuangyashan declined by 19.38%, 10.67%, 1.96%, and 1.83%, respectively. These RBCs hold key national natural resource reserves, especially oil, and iron: oil and iron ore reserves accounted for 24.36% and 30.4%, respectively, of the national total in 2013. 
The Resilience of RBCs to Major Recessions

Major Recessionary Shocks
China has experienced four significant economic downturns in the post-1978 reform period: from 1979 to 1981, from 1987 to 1990, from 1997 to 1999, and from 2008 until now. The first two recessions were caused by austerity measures to prevent an overheated economy [33] , while the latter two recessions were the result of international market conditions (the Asian financial crisis and the global financial crisis). Given that the first two recessions were mainly caused by domestic macro-economic policy, we focused our study on the two most recent recessions.
Previous studies usually use either employment or economic output (e.g., gross domestic product, GDP) data to measure economic resilience [13, 22] . Employment has continually grown in China and is less affected by economic recession because of the dominate position of state-owned enterprises who offer secure employment [34] . Furthermore, in most cities, employment data is incomplete because only the urban employment data is available. Therefore, this study uses output data (GDP) to measure economic resilience. While it is true that using GDP may also have some problems in accuracy and reliability [35] , GDP is still the most authoritative and commonly used data in China. Overall, the GDP growth rate of the three provinces in Northeast China was similar to that of China, as they all declined from 1997 to 1999; recovered in the following years; peaked in 2007; declined again in 2008, recovered briefly in 2010; and declined again to the present time ( Figure 2 ). 
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Measuring Resistance and Recoverability
Martin identified four interrelated dimensions of economic resilience, including resistance (the degree of sensitivity or the initial impact of shocks), recoverability (the speed and degree of recovery from shocks), re-orientation (the extent of reorientation and adaptability of a regional economy in response to the shock), and renewal (the extent to which a regional economy renews its pre-shock growth path or hysteretic shift to a new path) [7] . This study focuses on measuring two of the four dimensions of resilience, namely resistance and recoverability. Our approach here is not to assume an autonomous path or returning to the pre-shock growth path, but to focus on how regions react to recessions from peak to trough, as well as recovering from trough to peak. There were several different methods to measure resistance and recoverability. Martin used the sensitivity index and average growth rate to measure regional resistance and recoverability that are affected by a common 
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where g t+k N is the rate of contraction or expansion of national output, and E t ir is the output growth rate in industry i in region r at starting time t, the base years. Then, the RBCs' resistance and recoverability can be expressed as: A positive value of Resis r indicates that the region's economy contracted more slowly than the national economy during recession and, therefore, was more resistant to recession. A positive value of Recov r indicates that the region's economy grew faster than the national average during the recovery period and, therefore, demonstrated more recoverability. The resistance and recoverability of the RBCs in Northeast China, calculated using Equations (2) and (3), for the last two recession-recovery cycles are shown in Figures 6 and 7. Sustainability 2017, 9, 2136 7 of 15 exploitation and primary processing of natural resources as the leading industry are inherently vulnerable. Due to the global financial crisis, international demand for China's natural resources fell significantly, and as the government began to place more emphasis on resource efficiency and environmental protection, the demand for coal, oil, and steel declined. Consequently, the production inventory was increased; prices fell, profits declined, and all these factors contributed to the decline of RBCs' economies. In this economic cycle, Fuxin has low economic resistance, and this is related to the fact that Fuxin had short-term new path creation and was soon locked into the old path continuity [24] . Based on the types of resources on which their economies are based, the RBCs were divided into five types (multi-resource, petroleum, metal, coal, and forestry cities), and the mean values of exploitation and primary processing of natural resources as the leading industry are inherently vulnerable. Due to the global financial crisis, international demand for China's natural resources fell significantly, and as the government began to place more emphasis on resource efficiency and environmental protection, the demand for coal, oil, and steel declined. Consequently, the production inventory was increased; prices fell, profits declined, and all these factors contributed to the decline of RBCs' economies. In this economic cycle, Fuxin has low economic resistance, and this is related to the fact that Fuxin had short-term new path creation and was soon locked into the old path continuity [24] . Based on the types of resources on which their economies are based, the RBCs were divided into five types (multi-resource, petroleum, metal, coal, and forestry cities), and the mean values of Analyzing the resistance and recoverability in the first recession-recovery cycle (1996-2007), we could draw the following conclusions. First, resistance and recoverability had a strong negative correlation (the correlation coefficient is −0.401), indicating that the cities with high resistance tended Sustainability 2017, 9, 2136 7 of 15 to be weak in recoverability, whereas cities that suffered from deep recessions typically rebounded at a faster pace. Second, only Fushun, Daqing, Benxi, and another five cities demonstrated a resistance higher than zero, indicating the resistance to recession among the RBCs was generally weak. On the contrary, most cities' recoverability values were higher than zero, with only Daqing, Yichun, Jixi, and Anshan having recoverability values lower than zero, which means that the recoverability of the RBCs was higher than the national average. Third, based on the values of resistance and recoverability, 19 RBCs could be divided into four categories. The majority of the cities, including Baishan and another 12 cities, belonged to the low resistance-high recoverability group; Fushun, Jilin, and Benxi belonged to the high resistance-high recoverability group; Anshan and Daqing belonged to the high resistance-low recoverability group; and Jixi and Yichun belonged to the low resistance-low recoverability group. Fuxin, chosen as a pilot economic transition resource-based city in 2001, had the highest economic recoverability in the first recession-recovery cycle. This seems be related to the fact that Fuxin had changed the coal-based mono-structure by embarking on several new industrial paths, such as agriculture/food and wind power [24, 25] .
The second economic cycle (2007-2014) was characterized by the external shock associated with the 2008 global financial crisis. China's national economy experienced a brief recovery phase in 2010; but after that, the rate of economic growth continued to trend downwards, and the RBCs in Northeast China generally experienced a similar trend. Analyzing the resistance in this second cycle, we could draw the following conclusions. First, the overall level of resistance among the three northeast provinces remained low in the second cycle, with only Heilongjiang Province recording a higher than national average resilience level. In fact, the GDP growth rate in Liaoning, Jilin, and Heilongjiang was only 5.8%, 6.5%, and 5.6% in 2014, putting them firmly in the last five provinces nationally. Second, resistance of the RBCs was lower than the provincial averages, with only Panjin, Heihe, Daqing, and Mudanjiang having resistance scores greater than zero, and 15 RBCs had resistance scores lower than the national average. This suggests that the economies of RBCs with the exploitation and primary processing of natural resources as the leading industry are inherently vulnerable. Due to the global financial crisis, international demand for China's natural resources fell significantly, and as the government began to place more emphasis on resource efficiency and environmental protection, the demand for coal, oil, and steel declined. Consequently, the production inventory was increased; prices fell, profits declined, and all these factors contributed to the decline of RBCs' economies. In this economic cycle, Fuxin has low economic resistance, and this is related to the fact that Fuxin had short-term new path creation and was soon locked into the old path continuity [24] .
Based on the types of resources on which their economies are based, the RBCs were divided into five types (multi-resource, petroleum, metal, coal, and forestry cities), and the mean values of resistance and recoverability for each type were calculated (Table 1) . We found that only the metal cities' resistance was higher than zero, and other types were all lower than the national average in 1996-1999; forestry cities were the lowest. The recoverability of all types of cities was higher than zero during the recovery period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , and the multi-resource cities had the highest values. In the recession period after 2008, the resistance of all types of cities was lower than the national average. The petroleum cities had the highest resistance, followed by metal cities and forestry cities; and coal cities were lowest. The resistance of petroleum cities was the highest due to their robust economies and the abundant oil reserves. Metal-based cities exhibited relatively high resistance due to the adjustment of their industrial structures. For example, Benxi accelerated the development of its biomedical industry; Anshan developed fine steel, deeply processed steel, and new materials for the magnesite industry. The economic recession of coal cities was the worst. This was primarily because the price of coal products had been low for a long period of time and coal resources were being exhausted. The coal cities of Qitaihe, Shuangyashan, Hegang, and Fuxin were all categorized as "recessionary resource-based cities", whose resources were being exhausted. The resistance and recoverability of different sectors of the industries over the last two economic cycles in RBCs were analyzed. Since the primary industry was primarily influenced by climate rather than economic recessions, we focused on analyzing the secondary and tertiary industries ( Table 2 ). Turning to the first economic cycle, we could identify the following phenomena: First, the tertiary industry in general had a much lower level of resistance than the secondary industry. The tertiary industry in most cities had negative resistance, with only Fushun, Huludao, Jilin, and another six cities having tertiary industries with a resistance higher than zero. On the other hand, most RBCs' secondary sectors had a positive resistance score, with only Liaoyuan, Panjin and another five cities having a negative resistance score. Second, the recoverability of the secondary industry was higher than the tertiary industry. Only Qitaihe, Panjin, and Yichun's secondary industry recoverability was lower than the national average; while the general recoverability of tertiary industries was relatively low, with only seven cities having scores higher than the national average. Overall, it can be concluded that the secondary industry was stronger than the tertiary industry in terms of economic resistance during the first economic cycle.
The situation was different in the second economic cycle. The tertiary industry resistance was, in general, higher than the secondary industry: the mean value of secondary and tertiary industry resistance of RBCs were −1.41 and −0.36, respectively. The resistance of Anshan, Benxi, Panjin, and another five cities' tertiary industries was higher than zero, and only Panjin and Yichun had secondary industries with a resistance higher than zero. 
Determinants of the Resilience of RBCs in Northeast China
Determinants of Regional Resilience
It is important to analyze how regions respond to shocks, as well as explain the causes of these responses, bearing in mind the causes may be multiple and interconnected [13] . Martin et al. categorize the various types of determinants into compositional, collective, and contextual factors [36] . Moreover, regional resilience can be shaped by four main economic interacting subsystems: structural and business subsystems, labor market subsystems, financial subsystems, and governance subsystems. Eraydin measured the resilience of Turkish regions and explored its determinants in terms of vulnerability, resources, adaptive capacity, and supportive policies [10] . Martin et al. argued that regionally-specific factors can predict the ability of a region to resist and respond to economic shocks [13] . Lagravinese suggested that regions with a higher share of public and service industries are more resistant to economic shocks [37] , while Di Caro found that certain types of manufacturing activities could help to explain the high resilience of some regions during recessions and recoveries [14] . Pike examined the role of local institutions and governance in shaping regional resilience [38] . The role of other factors, such as location and the presence of high growth firms have been examined as well [39, 40] .
Drawing on these insights, this study selected 14 indicators, including urban development, industrial structure, labour conditions, financial arrangement, and governance aspects. For urban development aspect, we selected location advantage, resource availability, urban scale, and economic basis. Location advantage is determined based on the distance between the city and the provincial capital. For resource availability, the RBCs were official classified into four types-growing, mature, recessionary, and recovered-based on the support capabilities of resources in the National Resource Sustainable Urban Development Plan (2013-2020), and we assigned a value of 4, 3, 2, and 1 to the four types of cities. Economic basis is represented by the GDP growth rate at the beginning of a recession or recovery. Industrial specialization, proportion of tertiary industry, R and D intensity, and the proportion of employed persons in resource industries were used to represent industrial structure. Industrial specialization was calculated by using an entropy index based on regional sector employment data.
In the period of 2008-2014, the cities were given different values based on different supporting policies, as shown in Table 3 . Since the policies supporting RBCs were implemented from 2003 onwards, the study did not consider the supporting policies in the period of 1997-1999. Indicators, except urban development, tax revenue, investment in fixed assets, and supporting policies, took the average value for the respective period of recession or recovery. 
Geographical Detector
We developed a geographical detector model to analyze the factors that influence regional resilience. Geographic detectors were initially applied to the study of endemic diseases and the relevant geographic risk factors [41] , and they have since been adapted to the study of urbanization, economic growth, and other socioeconomic phenomena. In contrast to conventional statistical methods, geographical detectors identify correlations between variables by looking at their spatial distribution [42] . If certain factors and a change in geographical objects have a significant spatial correlation, this indicates that these factors have decisive significance for the occurrence and development of geographical objects [41, 43] .
Assuming the resistance or recoverability of RBCs is U, and the number of RBCs is n, the influential factor for resilience is D = {D i } (i denoting the number of classifications), and the total number is m. Overlaying layers U and D, and the dispersion variance of U over the sub-regions of the influential factors, D i is denoted as σ 2 U D,i (i = 1, 2, . . . m); thus, the power of the determinant D = {D i } to the economic resistance or recoverability U is specified as:
where n D,i denotes the number of RBCs in sub-regions with the influential factors D i , and σ 2 U denotes the dispersion variance of U in the entire region. P D,U ∈ [0, 1]. When P D,U = 0, this shows that the resilience of RBCs is randomly distributed. The larger P D,U is, the greater the impact of the factors on resilience.
We categorized the continuous factors using the Jenks method in ArcGIS because categorical data are better than continuous data for the processing of geographical detectors. We calculated the power of the influential factors over the cities' resilience (P D,G ) using the factor detector and analyzed the effects of the different influential factors on the resilience of the RBCs (Table 4 ). The factors that affect resilience varied across the two economic cycles. During the first recessions, urban scale (0.724), location (0.544), fiscal revenue (0.511), and proportion of employees for scientific research and technical services (0.441) had a strong positive impact on resilience, whereas the proportion of tertiary industry (−0.296) had the strongest negative impact. Cities with non-agricultural populations of more than one million in their urban areas had better resistance than smaller cities. The mean value of resistance for cities with non-agricultural populations of less than 200,000, 200,000-500,000, 500,000-1,000,000, and more than 1,000,000 were −3.98, −2.03, −1.47, and 0.88, respectively. The proportion of employees for scientific research and technical services (X 10 ), economic basis (X 4 ), and urban scale (X 3 ) had a significant negative effect on recoverability. This is primarily due to recoverability having a high negative correlation with resistance.
During the second economic cycle, resource availability (0.502) and policy support (0.497) had the strongest positive impact on resilience, whereas unemployment (−0.499) had the strongest negative impact. The mean value of resistance in growing, mature, declining, and regenerative cities were −1.03, −0.16, −1.41, and −0.33, respectively. The mature cities are ranked best in resistance, primarily because resource exploitation in these cities was stable. Moreover, these cities have abundant resources which, to a certain extent, protect them from economic crises. The regenerative cities are ranked second because these cities have already moved on from a state of resource dependency by successfully cultivating alternative industries with high growth rates. The declining cities performed worst. The natural resources in these cities were exhausted, and alternative industries have failed to emerge.
Supporting policies were also shown to have a great impact on resistance, which indicates that national policies and financial support are integral to improving resilience. Panjin and Daing, which are experimental resource cities in economic transition, and Heihe, which is a resource-exhausted city designated for policy support, all performed well in terms of resistance. The registered unemployment rate was shown to have a negative effect on resistance, which indicates that good labor conditions contribute to building resistance.
In addition to these differences, we could also find that location, R and D intensity, and foreign trade dependence ratio always had a positive effect on resilience, while the proportion of employed persons in resource industries (X 8 ) always had a negative effect. 
Discussion and Conclusions
The article analyzed the economic resilience of RBCs in Northeast China in terms of resistance and recoverability dimensions during the last two recessionary periods, and analyzed the main attributes of resilience. There are three key findings. First, the general level of economic resilience among the RBCs was low, especially in terms of resistance. Furthermore, different types of cities have responded differently to the recessionary shocks and the subsequent recovery periods. Second, the influential factors that affect economic resilience vary across different economic cycles. Third, location advantage, R and D intensity, foreign trade dependence ratio, and supporting policies had positive effects on resilience during both economic cycles, whereas the proportion of employees in resource industries had a negative effect. These points are further elaborated below.
Economic Resilience Characteristics of RBCs
In general, the results showed that the RBCs in Northeast China had low resistance during both recessions, meaning that their growth rate declined more rapidly than the national average. However, during the first economic cycle they also recovered faster because of the negative correlation between resistance and recoverability. Consistent with our results, Li et al. and Su et al. found that the economies of mining cities are vulnerable to external shocks, especially the resource-exhausted mining cities [44, 45] . Furthermore, Li et al. suggested that the economic vulnerability of coal cities is the lowest, which is consistent with our results, which show that the resistance of coal and forestry cities was the lowest during both economic cycles, whereas metal and petroleum cities fared much better [44] . Therefore, increasing the economic resilience of RBCs has become a key task for revitalizing old industrial bases in Northeast China.
Attributes of Resilience Vary across Different Economic Cycles
The influential factors that affect the economic resilience varied across the two economic cycles. This finding supports the view that local responses to economic shocks are far from constant across cycles but, instead, vary according to the specific origins and characteristics of each recession [36] . Nevertheless, location advantage, R and D intensity, foreign trade dependence ratio, and supporting policies had positive effects on resilience during both economic cycles, which suggests that the government should focus on these factors as a way to build up the resilience of RBCs. These findings have profound implications for regional planning. First, to improve location advantage, the government should strengthen transportation infrastructure, and strengthen ties with the central city. This is especially important for forestry-based cities and coal-based cities in Heilongjiang province. Second, the government should increase expenditure on R and D activities and improve innovation capacity. Third, more policies and provide financial support to guide and promote the development of RBCs, upgrading industrial structures and fostering non-extractive industries were needed. Furthermore, we found that the proportion of employees in resource industries always had a negative effect on economic resilience; therefore, accelerating the industrial transformation and reducing the proportion of resource-based industries is key to increasing the economic resilience of RBCs. Interestingly, our results also show that the effect of industrial specialization on resilience is not significant and ambiguous: it had a negative impact on resistance during the first recession and a positive impact on resistance during the second recession. This finding is not consistent with the view that regions with diverse economies tend to be more resilient than those with a narrow economic base [13, 27, 46] .
Industry Structure and Economic Resilience
The resistance and recoverability of the secondary industry were significantly higher than that of the tertiary industry during the first economic cycle, but the tertiary industry outperformed the secondary industry during the second economic cycle. This result agrees with the argument put forward by Martin et al. that the role of industrial structure in determining regional resilience changes from one recession-recovery cycle to the next [13] . The reason behind this shift in roles may be two-fold. First, the nature of the two financial crises is not the same. The Asian financial crisis was largely a regional crisis, with limited impact on the developed markets in Europe and the United States, which were the key consumers of industrial products made in Northeast China [47] . On the other hand, the global financial crisis severely affected global markets which put a dent in China's exports and, consequently, negatively impacted the Northeast's secondary industries [48] . Second, from a regional economic perspective, the 10 years that passed between the first and second crises saw a gradual decline in the industrial sectors in the Northeast, both because of dwindling resources and government policy to dismantle uncompetitive state-owned enterprises [49] . At the same time, the tertiary sector in the region continued to grow due to rising income levels and government policy to stimulate domestic consumption. Consequently, when the global financial crisis arrived, the resilience of the tertiary sector was higher than that of the secondary sector.
Global Price, Resource Supply, and Economic Resilience
The global prices of resources have strong impacts on economic resilience. Affected by the 2008 global financial crisis, the price of coal slumped. The Australian coal price fell from 127.1 USD/ton in 2008 to 70.1 USD/ton in 2014. Consequently, the economic recession of coal cities in China was the worst after 2008, and the average value of resistance of coal cities was the lowest among all RBCs. Average annual resource supply also affects the economy and resilience of RBCs. Take Baishan, a forestry-coal city, as an example. The Natural Forest Protection Project, initiated in 2000 by the central government, places serious restrictions on the harvesting of natural forests. Furthermore, due to the reducing excessive capacity plan, many small coal mines in Baishan were shut down. Consequently, the timber production in Baishan dropped sharply from 800,000 cubic meters in 2011 to 234,000 cubic meters in 2016 and raw coal production dropped from 16.882 million tons in 2011 to 1.132 million tons in 2016. As a result, the revenue of the coal and forestry industries declined sharply, and economic growth remained at a low level. All of these factors contribute to the near-bottom ranking of Baishan's economic resistance.
